This is a highly interesting MS. Authors generated mice with expressing neurons selectively labeled or ablated for TRPV1. Mice with ablated TRPV1 are insensitive to hot and cold, have defects in core temperature control, loose itch and pain to chemical mediators.
Major: 1.
My major problem is that the TRPV1-DTA line obviously loose also all TRPA1 mediated sensory inputs. It is difficult for me to discuss all changes seen with TRPV1 ablation and not to try any correlation with the obvious TRPV1-TRPA1 double deficiency. What is the situation with TRPA1. Many of the effects can be explained by a lack of TRPA1 present in the TRPV1 neurons. This should be commented more clearly in the paragraph connected to figure 2. 2.
Why is the lack of noxious cold response not due to the TRPA1 ablation? Is TRPA1 still present as in the control mice? The contribution of TRPA1 should be tested, e.g several behavioral studies could be used to check fro the aversive reaction against MO.
3.
An important information in addition to the hypothalamus would be hippocampal expression because of the many functional data described for LTD. Can this be added? The negative taste cell and hypothalamus data are very interesting and important! 4.
Is there any change in expression of TRPV4 which is present in the sensory neurons? 5.
Mustard What is the mechanism of the potentiated response in the TRPV1-DTA mouse to antigen and IL1b? 8.
The ablation of TRPV1 expressing neurons could have of course dramatic influences on the wiring, e.g. in the dorsalhorn, substantia gelatinosa. The naked mole rat gives such an example how changes in wiring can affect the somatosensory input. Can such a (side) effect be excluded?
Minor: 1.
Please, use the correct nomenclature TRPV1, TRPM8 etc instead of TrpV1, ...
2.
References on TRPA1 as a noxious cold sensor should be added, see e.g. p.13.
3.
The non-significant role of TRPV2 as thermo-sensor has been already commented by Caterina, p.13, add reference.
Referee #2 (Remarks to the Author):
Mishra and colleagues describe the creation and characterization of a novel animal model in which cells expressing the heat-gated ion channel TRPV1 express Cre recombinase. From this line the authors report on the creation of two mouse lines in which Cre recombination leads to expression of the fluorescent protein tomato which provides cell labeling, or the A-subunit of diphtheria toxin (DTA) which causes cell death in Cre expressing cells. They authors show that this approach leads to cell ablation in sensory afferents and to profound thermosensory phenotypes, as well as to itch and thermoregulation. This is intriguing work that, along with other recent de-afferentation or cell ablation studies cited in the manuscript, are beginning to provide insights into the peripheral neural circuits that mediate somatosensation. The key finding of this work is the observation of the importance of TRPV1 in the lineage of sensory afferents and that the majority of neurons likely express TRPV1 embryonically. Unfortunately this was not explicitly shown by the authors who have instead focused on the effects of the ablation of these neurons. This latter point is the key flaw in this study in that there is an obvious disconnect between the number of neurons expressing TRPV1 in the adult (when the behavioral and labeling assays were performed) and in the developing embryo when the TRPV1 lineage was labeled and selected for ablation. Indeed, it seems critical to show that expression is different over development, particularly as larger proportion of cells either labeled with the tomato, or are ablated in the adult and are not those that co-labeled with TRPV1 or Cre. Hjerling-Leffler (2007) showed that over 60% of neurons at E12.5 are capsaicin-sensitive whereas this number drops to ~35% in the adult. Thus, a likely conclusion from these results (and stated by the authors) is that >60% (probably more like 80% see Jancso 1977) of the total afferent population is ablated in these mice, including cells that would not normally be TRPV1 expressors in the adult.
Major points: 1.
How is the TRPV1-DTA line different than the classical deafferentation approach? This could be assessed by examining the total number of cells within a ganglion in the ablated animals. Do these mice just have reduced numbers of afferents that are on the order of 70%? Are the behaviors similar to that of animals given capsaicin neonatally? 2.
As stated above, the fact that in the adult mouse a significantly larger percentage of neurons express tomato then express TRPV1 or Cre suggests that either there is ectopic transgene expression or that the percentage of cells expressing TRPV1 in the adult differs from that at earlier, likely embryonic stages. Thus, what is the overlap of tomato and Cre or TRPV1 in embryonic tissues? On pg 7, the rationale for this observation was that it reflected "recombination during development as well as in the adult". How is this possible? How can Cre-mediated recombination occur with no Cre expression? A simpler explanation for this data is a developmental change in the percentage of cells expressing TRPV1 (and thus Cre) over development.
Also, the overlap with TRPM8 is difficult to rationalize other than, as reported by HjerlingLeffler (2007), a significant proportion of TRPM8 expressing cells also express TRPV1 embryonically, but these numbers are diminished after birth (see Takashima 2010 for TRPV1 and TRPM8 co-expression developmentally).
Minor points: 1.
Pg 6 the observation that "mutant mice showed no reaction" to the hot-plate is a misleading as they still showed hindlifts, but with just a delayed reaction time. This should be stated differently.
2.
Pg 11 Referee #3 (Remarks to the Author):
Peripheral somatosensory neurons of the dorsal root and trigeminal ganglia are involved with sensing external thermal and mechanical forces. These stimuli lead to a behavioral output such as pain, itch or innocuous touch. The coding of these neurons is still poorly understood: are these neurons hard-wired to elicit a phenotype or does the output result from a population or intensity of neuronal activity? In this study, Hoon and colleagues use a mouse genetics approach to interrogate the coding of neurons that express TrpV1, a hot temperature sensing ion channel expressed in DRG and TG neurons. While multiple chemical ablation studies have been performed on TRPV1 neurons using the agonists renisaferatoxin (RTX) and capsaicin, this is the first example of a genetic ablation that deletes TRPV1 expressing cells throughout development. The results are provocative -the authors have generated a mouse that is normal in sensing mechanical and proprioceptive signals but cannot sense hot or cold temperatures, do not itch upon injection of pruiritic compounds, and have problems maintaining body temperature when challenged. This is the definitive work on defining the genetic requirement of TRPV1 neurons. I only have minor concerns: 1. Please address potential reasons why TRPV1 expression in hypothalamus is not observed. Not complete recapitulation of endogenoous expression? Or do you think the studies showing TRPV1 in hypothalamus are incorrect. Or is expression too low? 2. Is there previous evidence that blood vessels express TRPV1? If not, it would be good to show another line of evidence (RNA, protein expression of endogenous TRPV1) or leave blood vessel expression out of this manuscript.
3. There are multiple references to how mild the temperature phenotypes of TRPV1 and TRPM8 are. I agree that the mice that these investigators have engineered are more severe, and indeed very impressive. And although the phenotypes in TRPV1 and TRPM8 mice are not complete, mild is not the correct term. TRPM8 knockouts virtually lack all cool thermosensation.
1st Revision -authors' response 12 October 2010
We have revised our manuscript taking into account all of the referees' comments and would like you to consider it for publication. Below we list a point-by-point response to the reviewers.
Reviewer #1 This reviewer liked our manuscript stating "This is a highly interesting MS". The reviewer also made a number of specific points all of which have been addressed in our revised manuscript.
The reviewer wanted us to clarify explicitly that TRPA1 is lost along with TRPV1 in TRPV1-DTA mutant mice. We have revised the appropriate section of the results to clearly state this.
The reviewer was interested to see if all responses to the TRPA1 agonist mustard oil were lost in TRPV1-DTA mice. We supply data using a behavioral assay that shows mutant mice have a complete loss of responses to this ligand (Supplementary Figure S4) .
3.
The reviewer thought it was interesting that there was no evidence for expression of TRPV1 in taste tissue and the hypothalamus and was curious if there was expression in the hippocampus. Examination of the hippocampus revealed no labeled neurons in TRPV1-ai9 mice and ISH, and immunohistochemistry directly showed no detectable expression. Discussion of this data is added to the results.
4.
The reviewer suggested there might be changes in the expression of other TRP-ion channel specifically TRPV4 in TRPV1-DTA mice. We have added data from gene array experiments and ISH of TRPV4 (supplemental figure S4 ). These data show there is no significant change in expression of TRPV4.
5.
There is no published evidence that mustard oil can activate TRPV1 and it is generally believed to be a selective agonist of TRPA1 (for instance, Bautista et al, 2006; Kwan et al, 2006 and Mishra & Hoon 2010 ). Therefore we hypothesize that the effect on body temperature of mustard is through this channel only. The doses of mustard oil and capsaicin injected are reported in the methods.
6.
We have added P values to figure 7; these confirm that there are significant differences in responses between wild-type or TRPV1-DTA animals to various thermal and non-thermal challenges.
7.
The reviewer asked an interesting question about the possible mechanism for involvement of TRPV1-neurons in controlling body temperature to non-thermal challenges. It is well established that antigen and IL1 causes massive vasodilation or stimulate the hypothalamus respectively, this in turn leads to hypothermia or hyperthermia. We hypothesize that the role of the peripheral TRPV1-expressing neurons is to provide feedback in response to these changes in body temperature. We have give emphasis to this point in our revised manuscript (discussion).
8.
The reviewer asked an important question, are the changes we see in TRPV1-DTA mice caused by alterations within the dorsal horn of the spine? (For instance, loss of Substance P expressing neurons as in the naked mole rat). We provide data showing there are no observable changes in the number or profile of several different sets of neuropeptide expressing interneurons in the dorsal horn between TrpV1-DTA and wild-type mice (Supplementary Figure S3) . This is consistent with the loss of primary afferents being the major defect in TRPV1-DTA mutant animals and that the loss of these cells has no effect on the cellular organization in the dorsal horn.
The requested change in nomenclature has been made.
2.
The suggested additional references have been added (Karashima et al, 2009; Knowlton et al, 2010 ).
3.
At present there is no published paper by Michael Caterinas' group on TRPV2 "not being a thermosensor".
Reviewer #2
This reviewer also liked our study. He/she was particularly interested in the developmental aspects of TRPV1 expression. A key concern was that we did not provide evidence that the expression of TRPV1 was in many cells in embryonic DRG and that after birth the expression of TRPV1 is restricted to a smaller number of cells distinct from those that express for instance TRPM8. This important point is addressed in the revised manuscript by adding a development series for expression of TRPV1 versus cells where Cre-mediated excision has occurred (Supplementary Figure  S2) . This analysis demonstrates that TRPV1 is found in a high proportion of embryonic DRG neurons. Notably, TRPV1 expression corresponds to cells where Cre mediated excision has occurred (see point 2 below). In addition, we carefully characterized the neurons that are labeled in TRPV1-ai9 mice and find they are ablated in TRPV1-DTA mice (Figures 2, 5 and 6 ). As the reviewer points out the neurons ablated in TRPV1-DTA are more than those expressing TRPV1 in adult animals and this is why we carefully wrote the paper to reflect this difference.
Major points:
1.
While there are some similarities between our work and that use of capsaicin to eliminate TRPV1-expressing neuron in neonatal animals there are some important differences. There are no published papers that show the molecular identity of all the cells ablated following neonatal administration of capsaicin, in fact most of these studies were carried out many year before TRPV1 was identified. Importantly, in our hands injection of capsaicin only gives partial elimination of TRPV1 expressing neurons and there is great animal to animal variability. Thus using capsaicin is problematic and this is why we developed a genetic method to eliminate a defined population of neurons. The introduction describes and discusses these differences. There is a reduction in the total number of neurons in TRPV1-DTA mice of approximately 60% in line with the estimates given in neonatal capsaicin treatment studies.
2.
(also see general comments above) The reviewer wanted us to provide data that showed that the expression of Cre recapitulates expression of native TRPV1, we provide this important control in our revised manuscript (Supplementary Figure. S2 a-c and Figure 2a ). These data show that during development TRPV1 is expressed in a larger number of cells than in adult and that the expression of Cre corresponds with expression of TRPV1. In addition, we altered the sentence that the reviewer suggested did not clearly explain when DNA excision occurs relative to Cre expression.
3.
The reviewer was interested to know if the expression of TRPM8 overlaps with TRPV1 during development. We present double ISH results in the revised manuscript that demonstrates there is considerable overlap of TRPV1 and TRPM8 in embryonic tissue and show that this coexpression diminishes after birth (Supplementary figure S2 a- Minor points:
1.
This was an important suggestion and we think the clarification will improve the understanding of the reader. The reviewer was under the impression that Figure 3 showed that TRPV1-DTA mice responded to heat at 30 seconds or at 20 seconds in hot plate assays and tail flick assays respectively. This is a misunderstanding. These times do not show the time when aversion occurred but are the cut-off times used to limit exposure to heat in order to prevent tissue damage (TRPV1-DTA mice showed no responses in this time). We have clarified the description of the results of these assays and modified Figure 3 to show these times represent cut-off limits.
2.
The suggested reference has been added (Colburn et al, 2007) .
Referee # 3
This referee describes our study as "definitive work on defining the genetic requirement of TRPV1 neurons" and had only minor suggestions that we have incorporated in our revised manuscript. 1. We have added additional comment to the results that either TRPV1 is absent from the hypothalamus or at very low levels (not detectable in our reporter mice, by ISH or by immunohistochemistry). See also comments to referee #1.
2.
As suggested by reviewer we have removed blood vessel expression results from the manuscript.
3.
The referee suggested that we had minimized the phenotype of TRPM8 knockout mice. In our revised manuscript we have altered the description of the TRPM8 KO animals to say they have a major deficit in cool (but not cold) responses. Thank you for submitting your revised manuscript to the EMBO Journal. I asked the original referees #1 and 2 to take a look at the revised version. As you can see below, both referees appreciate the revisions carried out. There are a few minor remaining issues that should be addressed. They should not involve too much addition work to resolve. I would therefore like to ask you to submit a final revised manuscript that takes the last remaining issues into account.
When you send us your revision, please include a cover letter with an itemised list of all changes made, or your rebuttal, in response to comments from review. I still have one major concern:
1. Authors use 10mM mustard oil to show the defective thermal homeostasis. AT least, this is obvious from the Material and Methods. It can be easily tested that such concentrations MO activate TRPV1. Thus, the MO experiment is for me just similar (or even identical to the capsaicin experiment). I suggest removing this figure. In addition, why should MO induce a large decrease in core temperature if TRPA1 is activated being a cold-sensor? I would expect the opposite. At least I would like to see a clear answer. 2. How do the mice behave after injection of capsaicin and MO? 3. Please, add, if necessary the used concentrations of agonists in the legends. 4. Please, check for misspellings, e.g. Kg etc.
The revised manuscript by Mishra and colleagues has nicely addressed many of the concerns of the previous reviews and, in light of some of the very recent literature on ablation/silencing of somatosensory neurons, adds new insight into the coding of sensory stimuli. This is an experimentally sound and well written manuscript that will be of significant impact to the field
There are a few minor points that should be addressed in the manuscript. et al. and Lagerstrom et al.) and perhaps these two should be cited and discussed. These results here are a nice confirmation (and vice-versa) for those in these reports. 5. In Fig. 5B , the images of TRPM8 and tdTomato are too small and not convincing that there is coexpression. The merged image does not reflect co-expression and it is impossible to discern in there is in the single images. Referee #1
1. The referee seems rather confused about mustard oil and concentrations used stating that we injected a concentration of 10 mM IP in thermal homeostasis a concentration that he/she suggests might activate TRPV1. In fact we only used this high concentration of mustard oil in eyewipe assays. We chose this concentration of mustard oil because it has been shown to have no effect on TRPA1-KO mice (Bautista et al, 2006; Kwan et al, 2006 and Mishra & Hoon 2010) i.e. it is completely TRPA1-specific and does not activate other receptors including TRPV1. We have now added this point to the methods section to avoid any confusion. We have also rewritten the methods section to make it completely clear that we used a much lower amount of mustard oil in the thermal homeostasis experiments (~ 2 orders of magnitude less). Thus the referee's concerns about the experiments are unwarranted and the paper has been modified to clarify this.
2.
The referee asks how the animals behave following injection of capsaicin and mustard oil. Initially, following IP injection the mice are quite different, capsaicin treatment leads to a short period of intense agitation and nociferous behavior directed to the site of injection, mustard oil injected mice in contrast show much less reaction (possibly because such a low dose was used). During the period when mice are hypothermic both treatments result in reduced movement and a curling-up behavior that are indistinguishable. This again is consistent with mustard oil activating a different receptor and cell-type than capsaicin. These observations have been added to the methods section.
3.
We have added the doses of capsaicin and mustard oil used ( Figures 5, 7 and Supp. Figure  4 legends).
4.
These two papers were published last week and show that glutamate excitatory signals are important in inhibiting itch. However, neither paper comes close to a firm conclusion about the population that is responsible for itch. In fact the papers contradict each other about the identity of neurons required for itch. We therefore do not think it necessary or indeed helpful to cite these references.
5.
We have modified Figure 5B by uniformly boosting the red contrast in all panels and have added arrows to aid viewing the cells that show co-expression of TRPM8 and tdTomato.
